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ABSTRACT OF THESIS 
THE NATURE OF PROCESSING IN WORKING MEMORY: TEMPORAL-CONTEXTUAL 
CUES AND CHARACTERISTICS 
The primary-secondary memory hypothesis proposes that processing in worki ng memory requires 
maintaining activated representations in a capacity-limited primary memory while re-accessing 
representations from secondary memory that have been displaced when the limits of primary 
memory have been exceeded. An implication is that simple span list lengths that exceed primary 
memory involve the same temporal-contextual search of secondary memory that is utilized in all 
trials of a complex span task. A series of experiments tested whether a) temporal-contextual cues 
cou ld successfully elicit items that were studied during operation span and supra-span trials of 
word span as opposed to sub-span word span trials, and b) whether tern poral-contextual 
characteristics are more phenomenologically memorable for items studied in trials of operation 
span and supra-span trials of word span than for sub-span trials of word span. Tempora l-
contextual cues and characteristics, however, were more accessible for operation span items than 
for items from simple span at any list length. Implications are discussed in li ght of this recent 
theory of working memory capacity as well as models of temporal distinctiveness. 
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The dynamic memory that takes place from moment to moment has fascinated 
researchers since the first laboratories of psychology were created (Ebbinghaus, 1885/1913 ; 
Wundt, 1897/ 1969a; Wundt, 191211973). What are the processes that underlie the ability to 
maintain such transient information, and by what means is that information transferred to and 
retrieved from long term memory? Furthermore, why is some information better remembered 
than other information? These fundamental questions of memory have been frequently studied, 
recently with respect to the processes that are involved in working memory. 
Working memory traditionally has been conceptualized as a limited capacity system that 
allows people to briefly maintain representations while simultaneously engaging in other 
processing activities (Baddeley & Hitch , I 974). The traditional model includes two slave 
systems, the phonological loop and the visua l spatial sketchpad, which are responsible for the 
passive storage or maintenance of modality-specific information. Additionally, the central 
executive is cons idered to be responsible for the allocation of resources between maintaining and 
processing information. 
Complex span tasks tax the central executive by measuring the degree to which a person 
can maintain and manipulate information effectively. This measure of efficiency is referred to as 
working memory capacity. Complex span tasks measure working memory capacity by including 
both a processing component and a storage or maintenance component. For example, the 
operation span task (Turner & Engle, 1989) requires the participant to solve a multiplication 
problem, and also try to maintain a word that is presented subsequent to the math problem. This 
problem-word sequence is typically repeated two to five times per trial until a cue is given to the 
participant to recall all of the words from that trial out loud (see Figure la). Thus, the operation 
span taps central executive processing in requiring both a cognitively-demanding processing 
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component (i.e. , the multiplication problem) as well as temporary maintenance of information 
(i.e., recalling the words from the trial) . Conversely, simple span tasks are thought to measure the 
capacity of the so-called "slave systems," which onJy require brief storage of information without 
requiring any additional central executive resources being engaged . For example, the word span 
task presents several successive words, usually between two and seven, followed by a cue to 
recall the words of that trial (see Figure I b) . Arguably, what distinguishes complex span tasks 






8 x 5 = 40? CAR 6 x 4 = 26? MARKET 7777 
time 
b) Word Span 
CAR MARKET 7777 
time 
Figure I. Examples of (a) a complex span task (operation span) and (b) a sim ple span 
task (word span). 
In addition to its theoretical importance, the central executive component of the working 
memory model has been proposed as especially vital in predicting higher order cognitive abilities, 
such as general fluid intelligence (Engle, Tuholski , Laughlin, & Conway, 1999; Kane, Hambrick, 
Tuholski, Wilhelm, Payne, & Engle, 2004) and reading comprehension (Daneman & Carpenter, 
1980; Turner & Engle, 1989). Specifically, evidence indicates that complex span tasks are more 
predictive of hi gher cognitive abilities than are simple span tasks. This may be due to the 
important role of the central executive in allocating resources between the different cogn itive 
demands of complex span tasks. 
Primary-Secondary Memory Hypothesis 
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Recently, an alternative conceptualization of the relation between simple and complex 
span tasks and different memory processes was examined. According to the primary-secondary 
memory hypothesis (Unsworth & Engle, 2007a), simple and complex span tasks involve retrieval 
from both primary and secondary memory. Primary memory involves retrieval of information 
that can be maintained briefly in the focus of attention, whereas secondary memory invo lves 
retrieval from long term memory (Watkins, 1974). 
Unsworth and Engle (2006a) found that performance on simple span tasks resembles 
performance of complex span tasks when the simple span tasks are more difficult in nature. 
Specifically, simple span trial s of longer li st lengths are more strong ly correlated with higher 
fluid intelligence than simple span trials of shorter li st lengths (Unsworth & Engle, 2006a; 
Unsworth & Engle, 2007b), and these same supra-span list lengths a lso load on a different factor 
than sub-span list lengths of the same simple span task (Unsworth & Engle, 2006a). Thus, simple 
span trials of longer list lengths appear to measure the same underly ing construct as complex span 
tasks. The importance of secondary memory in predicting higher-ordered cognitive abilities has 
been found in children as well (De Alwis, Myerson, Hershey, & Hale, 2009). This suggests that 
the distinctions commonly made between simple and complex span tasks are not as 
straightforward as originally thought. Instead, Unsworth and Engle have argued that both simple 
and complex span tasks measure the same mechanisms, but to different degrees. Complex span 
tasks require retrieval from primary and secondary memory on each trial, wh~reas simple span 
tasks of shorter li st lengths only require retrieval from primary memory. Simple span tasks of 
longer list lengths require retrieval from both primary and secondary memory. Hence, a cue-
dependent search process of secondary memory is necessary during complex span tasks and 
simple span trials of longer list lengths in order to retrieve the items that have been di splaced 
from primary memory (Unsworth & Engle, 2007b). 
The hypothesis that span task performance is a combination of temporary maintenance in 
primary memory and a cue-dependent search of secondary memory has been further investigated 
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in performance on immediate and delayed tests. McCabe (2008) found that performance differed 
at immediate and delayed recall for both simple span and complex span tasks. Specifically, 
delayed recall performance was greater for items that had originally been processed during a 
complex span task compared with a simple span task, whereas the opposite occurred for 
immediate reca ll performance (McCabe, 2008) . This cross-over interaction has been explained 
according to the covert retrieval hypothesis, which suggests that repeated retrieval from 
secondary memory during complex span tasks in turn creates stronger long term memory cues for 
those items at delayed recall (see Figure 2). Because the simple span task trials in these studies 
only included two to four words to recall at each trial , those items should remain within primary 
memory without being displaced (which is also consistent with Cowan's (1993) focus of attention 
model). Hence, no controlled search of secondary memory is necessary for sub-span list lengths 
of a simple span task, whereas complex span tasks necess itate covert retrieval strategies that in 
turn promote stronger retrieval cues that improve performance of those items at delayed recall 
(McCabe, 2008). The covert retrieval hypothesis was further illustrated in that the items from a 
complex span task that are most likely to be recalled at delay are the items at the beginning of the 
span task trials, resulting in a linear downward trend in proportion of items that are recalled at 
later serial positions. These data are similar to the robust negative recency effect (Craik, 1970; 
Craik, Watkins, & Gardiner, 1970), in which the items at the end of a list that are most likely to 
be recalled on an immediate free recall test are the least likely to be recalled at a final delayed 
recall test. Furthermore, the effect of serial position was not present fo r delayed recall of simple 
span items (McCabe, 2008). Taken together, these data suggest both that earlier-presented items 
have more opportunities to be covertly retrieved throughout a complex span trial , and that covert 
retrieval strateg ies are unnecessary for items that are able to be maintained within primary 
memory. Thus, retrieval from secondary memory appears to be important for successfu l 















Figure 2. The covert retrieval model of complex span task performance. 
Processes Engaged by Primary and Secondary Memory Requirements 
As mentioned previously, a simple span task can require retrieval from secondary 
memory if performance requires retrieval of items that have been displaced from primary 
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memory (Unsworth & Engle, 2007a). Hence, there may be a fundamental difference in the type of 
processing at encoding between tasks that require retrieval from primary memory and secondary 
memory versus tasks that on ly require maintenance in primary memory . Specifically, when items 
only need to be maintained and retrieved from primary memory, processing shou ld be 
phonological in nature. By contrast, when items need to be retrieved from secondary memory, 
processing will include additional cues (e.g., temporal-contextual cues). This suggests a parallel 
with transfer appropriate processing (Fisher & Craik, 1977; Morris, Bransford, & Franks, 1977), 
such that specific test cues wi II more successfu lly reinstate the type of processing that was 
engaged during one span task as opposed to another. More specific to this study, temporal-
contextual cues may result in better cued recall of items processed during span tasks during which 
retrieval from secondary memory is necessary compared with span tasks that only require 
maintenance in primary memory. 
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Memory process approaches, including the levels of processing framework (Craik & 
Lockhart, 1972; Craik & Tulving, 1975), transfer appropriate processing framework (Fisher & 
Craik, 1977; Morris et al. , 1977), and encoding specificity principle (Thomson & Tulving, 1970; 
Tulving & Thomson, 1973), have regarded the type of processing, rather than the amount of 
rehearsal, as important for long term retention (see also Kolers & Roediger, 1984). The type of 
processing engaged refers to the orientation in which the participants are instructed to study the 
information to be recalled, such as more shallow levels of processing like phonological 
assessment of a word, or a more deep level of processing, such as attending to the semantic 
meaning of the word to remember. Multiple studies have validated the general hypothesis that a 
reinstatement of the original context during encoding aids in the retrieval of what was originally 
studied (see Roediger, Gallo, & Geraci , 2002 for a review) . These studies tend to implement 
traditional tests of episodic memory, especially free recall , cued-recall , and recognition, and 
overwhelmingly support the performance advantages of reinstating the original features defined 
at encoding in order to aid retrieval (but see Mulligan & Lozito, 2006) . Complex span tasks are, 
however, typically conducted over brief periods of time and include recall of unrelated items; 
tasks such as the operation span typically lend themselves to simple strategies, such as rote 
rehearsal (Dunlosky & Kane, 2007). This suggests that semantic retrieval cues in particular would 
not be effective in eliciting unrelated information that was only briefly presented during a 
complex span task. However, the transfer appropriate processing framework still has implications 
for simple span versus complex span tasks, and whether the respective underlying processes at 
encoding and retrieval are qualitatively different. 
Glen berg and Swanson ( 1986) proposed that successful retrieval of information is due 
largely to the distinctiveness of the temporal context in which the information was studied . 
Retrieval, they argued, is aided by the cues that define a search set from which previously studied 
items are accessed . When that search set includes more items, the probability of recall will be 
lower because of the competitive nature of the selection process. In other words, if more items are 
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activated and included in a search set, cue overload results (Watkins & Watkins, 1975). Hence, 
the temporal-contextual elements of the search set should be more strictly defined in order to use 
those cues successfully during retrieval. Similarly, Mantyla and Nilsson (1988) showed that the 
distinctiveness of the cues moderates the predicted effect of the encoding specificity principle, 
such that distinct, focused cues used at study, as opposed to spontaneously derived cues, are most 
effective at retrieval. Coupled with the literature that supports temporal-contextual processing as 
evidenced by errors in recall , such as incorrectly recalling items from previously presented lists 
(prior list intrusions; Davis, Geller, Rizzuto, & Kahana, 2008; Zaromb et al. , 2006) and switching 
the original order when recalling in serial order (input and output transpositions; Unsworth & 
Engle, 2006b), this idea suggests that a memory task (e.g., a complex span task) that requires a 
cue-dependent search of secondary memory will also involve encoding strategies that are 
primarily temporal-contextual in nature. 
Current Experiments 
The following experiments provided an application of the transfer appropriate processing 
framework and the temporal distinctiveness theory to understand the processes that underlie 
performance on simple and complex span tasks. Experiments 1 and 3 tested these ideas through 
the manipulation of different types of cues (i.e., temporal-contextual, phonological, or semantic) 
given at a delayed cued recall test of items processed in either a complex span task or a simple 
span task. In Experiments 2 and 4, the items processed during either a complex span task or a 
simple span task reappeared in a delayed memory characteristics questionnaire, which required 
participants to rate the how well they remembered the temporal-contextual , phonological, and 
semantic characteristics of each item. In other words, these experiments ascertained which kinds 
of characteristics are phenomenologically more memorable depending on whether the item was 
processed during a complex span or a simple span task. Additionally, in all four experiments, half 
of the items processed in both complex span and simple span tasks required immediate recall (at 
the standard retrieval attempt at the end of each trial), while the other half of the trials of each 
8 
task were followed by a short distracter task instead. Hence, the design for each experiment was a 
2 (span task type: simple, complex) X 2 (immediate recall condition: immediate recall , no 
immediate recall) X 3 (delayed cue/characteristic type: temporal-contextual, phonological, 
semantic) within-subjects design, with percent cued recall performance or rated memorability as 
the relevant dependent variables. 
Congruent with the transfer appropriate processing framework, retrieval of information 
from a complex span task shou ld be better than a s imple span task when that information is 
retrieved using temporal-contextual cues because the or iginal processing during a complex span 
task required a search of secondary memory. In other words, a task that requires a temporally-
guided search of secondary memory to maintain information during the study phase wi II show 
benefits in later performance when that initial study context is reinstated with temporal-contextual 
cues at retrieval. Likewise, a task that does not necessitate retrieval from secondary memory 
during encoding, like a simple span trial of a short li st length, should show less of a benefit in 
performance in using temporal-contextual cues, because these trials only involve maintenance 
within primary memory. Similarly, temporal-contextual characteristics shou ld be rated as more 
memorable for recognized items that were originally processed during a complex span task 
compared with a simp le span task. An important application of Unsworth and Engle ' s primary-
secondary memory hypothesis was whether performance on delayed cued recall and rated 
memorability of items from longer list lengths of simple span would be similar to that of a 
complex span task. According to the primary-secondary memory framework, longer list lengths 
of simple span would be more akin to complex span tasks in that the limits of primary memory 
would be exceeded in attempting to maintain items from longer list lengths. Hence, the following 
series of experiments tested these hypotheses through delayed cued recall and characteristics 
questionnaires of items from complex span and simple span tasks . 
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Experiment I 
The research questions for Experiment 1 focus on whether simp le span tasks differ from 
complex span tasks in the types of information encoded during study, which may be reflected in 
the kinds of retrieval cues that best elicit the items during a delayed cued recal l test. Note that in 
this experiment, the simple span trials wi ll consist of four items per trial, and thus these trials 
should not require retrieval from secondary memory. It is hypothesized that temporal-contextual 
cues will provide better access to items from a complex span task, specifically the operation span 
task. Immediate recall condition should not affect delayed cued recall performance of items from 
the operation span task because subjects should engage in retrieval from secondary memory 
during the encoding of those items, regardless of whether the unexpected immediate recall test 
occurs or not. 
Method 
Participants . Sixty young adults aged 18 to 25, who were recruited from the CSU subject 
pool (enrolled in PSY 100 or PSY 250), participated as a course requirement. Participants were 
randomly assigned to one of the 12 counterbalances for this experiment, fo llowing a 3 (cue type: 
temporal-contextual, phonological, semantic) X 2 (immediate recall condition: recall, no recall) X 
2 (span task: operation span, word span) within subjects design. 
Materials and Procedure. An initial arithmetic task contained simi lar single-digit 
multiplication problems (e.g., 7 x 4 = 28 ?) that were to appear on the operation span task. The 
arithmetic task was given to participants in order to become familiar with the processing 
components used in the operation span, as well as to assess how long participants would take to 
complete the math problems that would be used as the inter- item processing element on the 
operation span without including the to-be-remembered (TBR) item. Participants were instructed 
to read each problem out loud and verify whether the answer to the problem is "true" or "false ." 
The experimenter advanced the screen once a response was given . Numbers 4 to 9 were used in 
various combinations in order to compose the problems. 
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Another practice task, the matching task, served to familiarize the participants with 
another element that was to be included on operation span and word span trials that did not 
require immediate recall. In this task, participants were presented with 2-digit numbers on-screen 
and verified whether both numbers were even or not. If both digits were even, participants were 
to respond, "yes ." If both digits were odd or one was even and the other was odd, participants 
were to respond, " no." The time taken to respond "yes" or " no" to each number was recorded. 
Following the practice tasks, participants completed six randomly presented blocks of 
three word span and three operation span trials, all consisting of four TBR items each. Both the 
word and operation span trials were randomly presented within each test, and each test was 
followed by a distracter task and then a delayed cued recall test. For all of the 18 word span trials 
(three per test), one concrete word was presented individually at a time on the screen for 1000 ms, 
with participants instructed to read silently. At the end of the trials, half required immediate recall 
(see Figure 3a), while the other half of the trials had participants respond "yes" or " no" to five 
double digits numbers presented individually for 2000 ms, as they had earlier during the matching 
task (see Figure 3b). The operation span task also included 18 trials and was identical in 
procedure to the word span, except for the processing element (multiplication problem) that 
appeared in-between each TBR item. A multiplication problem (e.g., 7 x 4 = 28 ?) appeared on 
screen for 3500 ms, and participants were required to read the problem aloud and respond either 
"true" or "false" to the problem within the allotted time. Afterward, a TBR item appeared on 
screen for 1000 ms, which was read silently. Following the presentation of four problems and 
four words, participants were either prompted to recall the items they had seen (see Figure 4a) or 
to solve the matching task problems that they had practiced earlier in the experiment (see Figure 
4b ). Given that there were an odd number of trials of word span and operation span at each test 
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interval (i.e. , three trials each), the trials cou ld not be evenly sp li t between immediate recall and 
no immediate recall for the tasks. In order to solve this issue, for example, two of the word span 
trials in three of the tests would require immediate reca ll wh ile only one of the operation span 
trials would, whereas this pattern wou ld reverse for the other three tests. Hence, by the end of all 
six tests, there was an even number of trials that required immediate recal l or no immediate recall 
for each span task. Whether the trial required immediate recall or not was also counterbalanced. 
a) Word Span: Immediate Recall 







b) Word Span: No Immediate Recall 
COAST BOOK DESK UNCLE 24 52 37 45 62 
time 
Figure 3. Example of (a) a word span trial with an immediate recall cue and (b) a word span trial 
fo llowed by a matching task (no immediate recall ). 
a) Operation Span: Immediate Recall 
TRUE FALSE FALSE TRUE 




Operation Span: No Immediate Recall 





8 x 5 = 40? COAST 6 x 4 = 26? BOOK 7 x 8 = 54? DESK 4 x 9 = 36? UNCLE 24 52 37 45 62 
time 
Figure 4. An example of (a) an operation span trial with an immediate recall cue and (b) an 
operat ion span trial followed by a matching task (no immediate recall). 
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All TBR items for this and the subsequent experiments were drawn from the Nelson, 
McEvoy, and Schreiber (1998) norms, which indexes forward associative strength between cue-
target pairs. Forward associative strength is the likelihood that a given cue will elicit a target 
word response. For example, the cue "bride" prompts the recall of the target "groom" 
approximately 86.5% of the time that the target is cued, whereas the "acorn" cues the target "nut" 
12 .2% of the time. In order to create the semantic cues, targets and cues with a forward 
associative strength between 0.047 and 0.132 were used to avoid correct guesses (M = 0.079, SD 
= 0.019) . Backwards associative strength was held constant at 0 for each cue-target pair. Cue and 
target frequency also ranged between 40 and 200 (cue: M = 92.3 8, SD = 42.431; target: M = 
94.57, SD= 43.22) according to the MRC Psycholinguistic Database. In order to create 
phonological cues, rhyming nouns were selected, particularly those that did not share an obvious 
orthographic overlap (i.e. , the word "teacher" cueing "creature"). Each block did not contain 
words that had any semantic or phonological overlap with one another, so that each cue 
referenced only one correct target word within that block. All words were counterbalanced for 
cue type, span task, and immediate recall condition. 
Participants were tested at six different intervals, so that there were six trials per delayed 
cued recall test. Hence, 24 words total were included and viewed during each of the tests and half 
of those words were cued on the delayed cued recall test. Before each delayed cued recall test, the 
participants were given a distracter task, beginning with a demographics questionnaire after the 
first test, which was timed in order to administer the same amount of time for each of the other 
tasks serving as a delay . The other delayed tasks inc luded word searches and listing the 50 U.S. 
states. After several minutes of a distracter task, words were cued using a temporal-contextual cue 
(e.g. , "AMOUNT came before the word __ "), a phonological cue (e.g., "CREATURE rhymes 
with the word __ "), or a semantic cue (e.g., "AUTHORITY is related to the word _ _ "). 
There were four of each type of cue randomly presented at each delayed cued recall test. Items 
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were always cued from the second and fourth positions of each immediate recall and no 
immediate recall trial. These serial positions were cued because the first serial position could 
never be cued with a temporal-contextual cue (i.e., there is no word presented before the target to 
serve as a cue). The third serial position was also not cued to avoid using a target as a temporal-
contextual cue for another target. For a visual layout of how each delayed cued recall test was run 
for each test, see Figure 5. 
Results 
Word span and Operation span tests ( 1-6) 
Delayed Cues: 
4 Temporal Contextual 
4 Phonological 
4 Semantic 
Figure 5. Design of word span and operation span tasks in Experiment I. 
See Table I for descriptive statistics of average response times to and errors on the 
processing components during operation span and the matching task that served as the no recall 
condition task. For future reference, all significant effects and interactions reported have met the 
p < .05 criterion; al l other p values of marginal effects will be reported specifically. 
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Table 1. Response times, errors, and time outs during the processing component and matching 
task 
Experiment Task Response Time Errors Time Outs 
Operation Span Processing 2875 . 62 (224.25) 3.67 (3 .20) 10.17 (8.04) 
No Recall Matching Task 1091.04 ( 151.65) 1.15 ( 1.44) 1.77 (2.81) 
2 Operation Span Processing 2988.76 (307 .05) 2.88 (2.31) 
20.13 
(23.95) 
No Recall Matching Task 1171.22 (136 .90) 2 .63 (4.59) 2.67 (4.23) 
3 No Recall Matching Task 1074.71 (180.84) 1.00 (1 .65) 1.26 (2 .92) 
4 No Recall Matching Task 1066.16 (145.20) 0.92 (1.32) 0.72 (1.23) 
Standard deviations are in parentheses. 
In order to determine that slow response times and errors on the processing component of the 
operation span task did not influence results , an initial criterion analysis was conducted. Eleven 
participants who did not meet a 70% criterion of accuracy (slower response times than 3500 ms, 
or "time outs," were also counted as inaccurate) were dropped from the analysis, but results did 
not change in comparison to the whole sample analysis. The only inconsistent finding was that 
the main effect of immediate recall condition for temporal-contextual cues became significant 
when including all participants, whereas it was not significant in the criterion analysis. This, 
however, was not theoretically relevant, and so shall not be considered further. 
The first comparison was between the two times of recall of items from either span task. ate 
that the type of test was different between times of recal I, such that the immediate test asked 
participants to recall in serial order (but free recall is reported) and the delayed test asked 
participants to retrieve items from the prev ious test given different cues for those items. When 
comparing immediate recall versus delayed cued recall performance for both span tasks, there 
were significant main effects of time oftest, F(l , 59) = 1655.26, MSE = .02, 'f/ 2 = .97, and span 
task, F( 1, 59) = 3 7.44, MSE = .02, 'f/ 2 = .39, as well as a cross-over interaction between the two 
variables, F(l , 59) = 158.35, MSE= .01 , 17 2 = .73 (see Figure 6). Hence, although operation span 
items were initially more difficult to immediately retrieve, they were more likely to be 
successfully cued than word span items at delay (t'(59) = -3.28, d= .52), thereby replicating the 
delayed recall effect (McCabe, 2008). 
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Immediate Free R eca II Delayed Cued Recall 
Time of Test 
Figure 6. Immediate free recall and delayed cued recall of items from word span and 
operation span. 
Three 2-way ANOV As were also run for each cue type on the delayed test using the 
whole sample. When investigating delayed cued recall performance using temporal-contextual 
cues, there was a significant main effect of span task such that operation span items were more 
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likely to be recalled than word span items, F( I , 59) = 3 7 .88 , MSE = .0 I, '7 2 = .39. There was also 
a significant main effect of recall condition, such that items that were immediately retrieved were 
also more likely to be cued at delay, F(l , 59) = 5.72, MSE = .01, '7 2 = .09. Importantly, there was 
no interaction between the two variables, F < 1, suggesting that temporal-contextual processing 
was important for retrieving operation span items over word span items regardless of the 
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Figure 7. Delayed performance on temporal-contextual cues of operation span and word span 
items. 
The second 2-way ANOVA for phonological cues showed a simi lar pattern: there were 
significant main effects of span task, F(l , 59) = 4.28, MSE = .03 , '1 2 = .07, and recall condition, 
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F( 1, 59) = 6.49, MSE = .05 , '1 2 = .10, and the interaction was not significant, F(l , 59) = 2.94, MSE 
= .03, p = .09, '1 2 = .05. Although the interaction was marginally non-significant, the difference 
between word span and operation span items that were not immediately recalled was statistically 
significant, t '(59) = -2.80, d = .46, suggesting that immediate recall of word span items serves to 
boost phonological processing at encoding, lending those items to be more effectively cued with 
phonological cues. These results can be seen in Figure 8. 
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Figure 8. Delayed performance on phonological cues of word span and operation span items. 
Finally, the items receiving semantic cues at delay were also submitted to a 2 x 2 
AN OVA, which yielded only a significant main effect of span task, F( 1, 59) = 16.55 , MSE = .02, 
17 2 = .22. The main effect of recall condition, F(l , 59) = 2.26, MSE = .02, p = .14, 17 2 = .04, as well 
as the interaction, F < 1, were not significant. See Figure 9 . 
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Figure 9. Delayed performance on semantic cues of word span and operation span. 
Discussion 
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The overall results indicate that although performance suffered for immediate reca ll of 
operation span items in comparison to word span items, operation span items were more likely to 
be successfully cued at delay across cue types. Moreover, immediate recall condition did not 
interact with cued recall performance for the different span task items, suggesting that the type of 
processing that is important at encoding remains so regardless of the immediate retrieval attempt. 
This is consistent with the idea that operation span items require temporal-contextual processing 
when those items have been displaced from primary memory by inter-item processing tasks, 
whereas word span items are not effectively retrieved using temporal-contextual cues because 
such processing was not necessary to maintain those items only within primary memory. 
There were no other specific predictions regarding delayed cued performance for the 
other cues, but it was interesting to note that phonological cueing of word span items matched 
that of operation span performance if those items had been immediately recalled. This at least 
partly indicates that recall from simple span tasks is more re liant on phonological cues used 
during immediate retrieval , and that delayed performance is hindered if the simple span items 
were never submitted to an immediate recall test. There was also a main effect of span task for 
semantic cues, which may be due to the possibility that operation span items overa ll were more 
available in long term memory. Hence, these items may be more retrievable with deeper cues, 
whereas word span items are better accessed with shallow cues (e.g., phonological cues) . 
In sum, Experiment I showed that objective measures of memory performance indicate 
that temporal-contextual cues are utilized at the encoding phase of a complex span task, and such 
processing can be re-instantiated to effectively retrieve the items of those tasks that require a 
search of secondary memory as opposed to items that remain within primary memory. 
Experiment 2 attempted to provide converging evidence for this conceptual framework by 
investigating subjective reports regarding the types of information that are avai lable fo llowing 
complex span versus simple span items. 
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Experiment 2 
Experiment 2 was conducted in order to investigate the subjective characteristics of the 
items that are re-presented at delay (Johnson, Foley, Suengas, & Raye, 1988). Are certain types of 
characteristics more phenomenologically memorable to a subject in one span task than the other? 
Furthermore, would the immediate recall condition moderate the strength of certain 
characteristics as memorable for items of either span task? I expected that temporal-contextual 
characteristics would be more memorable for operation span items. It was not expected that 
immed iate recall condition wou ld interact with span task or cue type, indicating that the type of 
processing during the encoding phases of either task is independent from the immediate recall 
condition. 
Method 
Participants. Twenty-four participants were recruited from the CSU subject pool 
(students enrolled in PSY 100 and PSY 250) in exchange for course credit. Participants were 
young adults with normal or corrected vision. These participants had not participated in the 
previous experiment, and were randomly assigned to one of the four counterbalances of the 
experiment. 
Materials and Procedure. The design of Experiment 2 was nearly identical to Experiment 
1 (i.e. , using word span and operation span with immediate recall and no immediate recall 
conditions). The key di stinctive feature between them was the delayed characteristics 
questionnaires rather than the delayed cued recall tests. 
Participants aga in were asked to complete the same arithmetic and matching tasks at the 
beginning of the experiment in order to fami liarize themselves with the components that would be 
essential to the later span tasks. The word span and operation span tasks again consisted of 18 
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trials of four TBR items each, which were divided into three different test intervals, and each was 
followed by a delayed characteristics question naire. Within each interval , participants again were 
prompted to either recall the items they had seen in that trial or to solve five matching task 
problems at the end of each trial. After 12 tria ls of both recall and no reca ll tr ials (six of each span 
task type), participants were given a questionnaire after a di stracter-fi lled delay. All 48 of the 
words reappeared one at a time, which were each fo llowed by a three-q uest ion memory 
characteristics questionnaire regarding the item ' s pl ace on the list (i.e., "How much can you 
remember about WHERE IT WAS ON THE STUDY LIST (e.g ., the word that came before or 
after it, whether it was at the beginning or end of a trial)?"), its physical characteristics (i .e., 
"How much can you remember about the PHYSICAL CHARACTERISTICS (i.e., what the word 
sounded like, what the word looked like)?"), and the meaning of the word ( i. e ., "How much can 
you remember about the MEANING (e.g., the definition of the word, your emotional reaction to 
the word, related words that the word made you think of)?"). The order of the presentation of the 
questions was random, and subj ects responded to each question on a I to 9 Likert scale. See 
Figure I 0 for a visual layout of the proposed design of Experiment 2. 
Word span and Operation span tasks (tests 1-3) 
How much can you remember about WHERE ITWAS ON THE STUDY LIST(e.g .. the word that came 
before or after It, whether It was at the beginning or end of a tr1al)?: 
How much can you remember about the PHYSICAL CHARACTERISTICS (e.g., what the word 
sounded llke, what the word looked llke)? 
How much can you rememberaboutthe MEANING (e.g ., the definition of the word, your emotional 
reaction to the word. related words that the word made you think of}?: 
Figure 10. Design of word span and operation span tasks in Experiment 2. 
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Results 
Means and standard deviations for the processing component and matching task response 
times can be found in Table I. 
In order to determine that the results of the whole-sample analysis were not due to 
individual subjects ' errors and slowed response times during the operation span task ' s processing 
component, an analys is was run with only those subjects who met a 70% criterion for accurate 
responses before time had run out on the task. This led to dropping five subjects from this 
criterion analysis. When these data were excluded, the same pattern ofresults emerged that was 
found using the whole sample, and so a ll data points were included for the fo llowing analysis . 
The data were once again submitted to three 2 (span task: operation span, word span) x 2 
(recall condition: immediate recall, no immediate recall) ANOVAs for each of the three 
characteristic types. For ratings on tempora l-contextual characteristics, there were significant 
main effects of both span task, F(l, 23) = 46 .52, MSE = .40, 17 2 = .67, and immediate recall 
condition, F(I , 23) = 33.87, MSE = .16, 17 2 = .57, showing that operation span items and 
immediately recalled items were more likely to be rated as memorable. However, these two 
variables did not interact, F < l. Similarly, phonological characteristics ' memorabiljty ratings 
showed a similar pattern of results, such that the main effects of span task, F(l, 23) = 20.37, MSE 
= .33 , Yf 2 = .47, and immediate recall condition, F(l , 23) = 10.50, MSE = .23 , Yf 2 = .31 , were 
significant in the same directions; however, the interaction was not reliable, F < I. Finally, the 
semantic characteristics also showed the same patterns, such that operation span items were rated 
as more semantically memorable than word span items, F(J , 23) = 37.11 , MSE = .32, Yf 2 = .62, 
and that immediately recalled items were rated as more semantically memorable, F(I , 23) = 3.20, 
MSE = .19, 17 2 = .41 . Once again, these variables did not interact, F < 1. Because recall condition 
never interacted with the span task variable, the data were collapsed across recall condition in 
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Figure 11 . ote that although ratings were always higher for operation span items, the effect size 
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Figure 11 . Average ratings given for temporal-contextual , phonological, and semantic 
characteristics of items from word span and operation span. 
Discussion 
The results of Experiment 2 complement the results of Experiment 1, indicating that not 
only are temporal-contextual cues important for retrieval of operation span items, but also that 
participants actually report remembering more about operation span items than word span items, 
especially temporal-contextual characteristics. Because word span items are presumably still in 
primary memory when using list lengths up to four items, participants would not need to engage 
in any kind ofrefreshing or shifting process to maintain those items during the encoding phase. 
Hence, temporal-contextual processing wou ld not be as enhanced as it wou ld be for successful 
maintenance of items of a complex span task. Given transfer appropriate processing, the 
temporal-contextual search in order to shift items back into primary memory during the encoding 
phase of the operation span task becomes important for both cued recall of those items as well as 
what people report they can remember about those items. More importantly, the lack of 
interaction with immed iate recall condition showed that temporal-contextual characteristics were 
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important for operation span regardless of whether there was a retrieval attempt, and further 
illustrates the significance of the actual refreshing act during the task in which participants must 
engage. 
Now that the first two experiments have shown evidence for more temporal-contextual 
processing during operation span as compared to word span, an important extrapolation of the 
primary-secondary memory hypothesis is that longer list lengths of a simple span task are more 
similar to complex span tasks in terms of the kind of processing that is utilized to accomplish the 
task. Hence, temporal-contextual processing should also be important for simple span items that 
have been displaced to secondary memory due to new incoming items within a trial. Experiment 
3 tested this very hypothesis. 
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Experiment 3 
Experiment 3 replicated the design of Experiment 1 with the exception that it included 
only the word span at sub- and supra-span list lengths. This experiment tested the idea proposed 
by Unsworth and Engle (2006a; 2007b) that simple span tasks at longer list lengths are more akin 
to complex span tasks in that they require retrieval from secondary memory. Hence, I expected 
that there wou ld be an overall greater proportion of items recalled from longer list lengths at a 
delay, although the opposite wou ld be true at immediate recall. I also expected to find the same 
pattern of results from Experiment 1, such that temporal-contextual cues wou ld better access 
word span items at longer list lengths. This finding would be consistent with the idea that items 
that are displaced from primary memory are subjected to more temporal-contextual processing 
during the study phase in order for successful recall. 
Method 
Participants. The study recruited 54 participants from the CSU psychology subject pool 
(students enrolled in PSY 100 and PSY 250) . All participants were young adults with normal or 
corrected vision, and had not participated in the previous two experiments. Participants were 
randomly assigned to one of 18 counterbalances (three per counterbalance). 
Materials and Procedure. The materials and procedure in Experiment 3 were similar to 
those in Experiments 1 and 2, except that only word span trials of list lengths 4 and 8 were used . 
Participants completed the same matching task that was used in Experiments 1 and 2 in order to 
prepare for trials that did not require immediate recall during the word span task. Because the 
operation span task was not used in Experiment 3, no arithmetic task was necessary to practice 
the multiplication problems. 
The word span task consisted of 24 trials, half of which presented four TBR items and the 
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other half of those trials presented eight TBR items. The same words from previous experiments 
served as stimu li and were presented on screen for 1000 ms each in both list length conditions . 
Simi larly to the first two experiments, half of the trials of both li st lengths prompted participants 
to recall the words that were immediately presented, while the other half of the trials of both list 
lengths required no immediate recall and instead were followed by a matching task sequence of 
five double-digit numbers presented one at a time for 2000 ms each . The presentation of both 
types of trials was randomized, and the task in its entirety was separated into six different delayed 
cued recall tests, which themselves were random ly presented. Two trials from list length 4 (one 
immediate recall trial and one no immediate recall trial) and two trials from list length 8 (one 
immediate recall trial and one no immediate recall trial) were included in each of the six delayed 
cued recall tests. Of the 24 words viewed during each test interval , 12 total items were cued after 
a distracter-filled delay. Again, items were cued using the same temporal-contextual , 
phonological, and semantic cues that were used for Experiment 1. Items from list length 4 were 
always cued from the second and fourth serial positions, and items from li st length 8 were always 
cued from the second, fourth , sixth, and eight serial positions for the same reasons stipulated in 
Experiment 1. Figure 12 shows the design for each of the six different tests . 
Results 
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Figure 12. Design of delayed cued recall tests of word span items in Experiment 3. 
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Due to the fact that there were no processing components involved in Experiment 3, it 
was not necessary to ensure that the obtained data were not due to participants' errors and 
response times . See Tab le I for errors and response times for the matching task, which was sti ll 
used for the no immediate recall trials during the span task. 
List Length 4 and List Length 8 Analyses. First, an analysis comparing performance for 
immediate free recall and delayed cued recall was performed to investigate whether the delayed 
recall effect would be fo und for list length 8 items. There was a main effect of time oftest, F(l , 
53) = 1897.74, MSE = .01 , 17 2 = .97. There was also a main effect of li st length, with more items 
recalled from list length 4 overall , F(l , 53) = 446.26, MSE = .01 , 17 2 = .89. F ina lly, there was a 
sign ificant interaction between time of test and list length, F( 1, 53) = 454.93, MSE = .01 , 17 2 = .90, 
but this was not the cross-over interaction that is indicative of the delayed recall effect found in 
McCabe (2008) . As can be seen in Figure 13, delayed cued recall performance was statistically 
equ ivalent between li st lengths . 
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Figure 13. Immediate recall and delayed cued recall of items from li st length 4 and list length 8 
tria ls of word span. 
Performance given each of the cue types was analyzed using 2 (list length: 4, 8) x 2 
(immediate recall condition: immediate recall, no immediate recall ) repeated measures ANOV As . 
When analyzing temporal-contextual cues, there was a significant main effect of list length, F(l , 
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53) = 4.63 , MSE = .01 , rt 2 = .08, but in the opposite direction than predicted; specifically, items 
from list length 4 trials were more likely to be recalled than list length 8 items. There was no 
main effect of immediate reca ll condition nor was there an interaction , Fs < I . When the analysis 
was conducted for performance on the phonological cues, the main effects of list length and 
immediate recall condition, as well as the interaction, were not significant, Fs < I . Finally, only a 
marginally significant effect of immediate recall condition resulted when analyzing semantic 
cues, F(l, 53) = 2.90, MSE = .02, p = .09, rt 2 = .05. The main effect of list length and the 
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Figure 14. Delayed cued recall performance across recall condition and cue type for items from 
list lengths 4 and 8. 
List Length 4 and the First Four Items of List Length 8 Analyses. The following analyses 
were executed under the hypothesis that when primary memory exceeds four items, the earlier 
presented items wi ll be displaced into secondary memory. Perhaps comparing list length 4 items 
to list length 8 items is not a fa ir comparison because the later presented items in li st length 8 
trials would theoretically still remain in primary memory at recall. Hence, it is pertinent to 
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compare the delayed cued recall of the first four items of list length 8 to list length 4 items using 
the same analyses. 
First, the potential replication of McCabe's (2008) delayed recall effect was investigated. 
There was a main effect of li st length, where once again there was better performance overall for 
list length 4 trials than for the first four items of list length 8, F(l , 53) = 54.70, MSE = .02, 17 2 = 
.51. There was also a main effect of time of test, F( 1, 53) = 1659 .60, MSE= .02, 17 2 = .97. Finally, 
there was an interaction between list length and time of test, F(l , 53) = 83 .72, MSE = .01 , 17 2 = 
.61 . Although there was a numerical advantage for the first four items of list length 8 at delayed 
cued recall , this difference was not significant, t '(53) = .78, ns. See Figure 15 for these data. It is 
noteworthy, however, that there was a marked improvement in immediate recall performance 
when comparing list length 8 items in total to the first four items of those same trials, t '(53) = -
7.85 , d= 1.38. 
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Figure 15. Immediate recall and delayed cued recall of list length 4 items and the first four items 
of list length 8 of word span. 
Once again, the delayed cued reca ll data were submitted to three 2 x 2 ANOV As for each 
of the three cue types. For temporal-contextual cues, both main effects of list length and 
immediate recall condition, as well as the interaction between the two variables, were not 
significant, all Fs < I. This was also consistent for phonological cues, Fs < 1. Finally, semantic 
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cued performance showed on ly a marginal effect of recall condition, F( 1, 53) = 2.66, MSE = .02, 
p = . I 0, 17 2 = .05 , but the effect of li st length and the interaction were not sign ificant, Fs < I. See 
Figure 16 for a graphic display of these comparisons . 
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Figure 16. Delayed cued recall across recall condition and cue type for list length 4 items and the 
first four items of list length 8. 
Discussion 
First, the delayed recall effect (McCabe, 2008) was not replicated in either analysis of the 
overall recall performance of the li st lengths. Furthermore, the only relevant difference found in 
the previous analyses was that there was a main effect of list length for temporal-contextual cues, 
yet this was in the opposite direction than what was predicted . Specifically, items in list length 4 
trials benefited more from temporal-contextual cues than list length 8 items. Although this seems 
inconsistent with the previous experiments and the primary-secondary memory hypothesis, an 
even more interesting finding is that this effect was not found when delayed cued recall 
performance was considered only for the first four items of those list length 8 trials. Hence, it 
could be argued that the null effect of list length in the first analysis may have occurred because 
of a larger fan associated with the increased number of words in the trial as opposed to sub-span 
list lengths of word span, rather than because those items became more temporally distinctive 
from a search of secondary memory. 
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The comparison of the first four items of list length eight was an important analysis in 
particular given the primary-secondary memory hypothesis that list lengths exceeding four items 
will begin to shift first-presented information into secondary memory in order to successfully 
maintain those items. Hence, those items in particular should have benefited more from temporal-
contextual cues if they had actually been refreshed into primary memory through a temporal-
contextual search of secondary memory during encoding. Due to the null effect, it is not clear if 
this process did not occur at all or was simply less evident through the given temporal-contextual 
cues. Nevertheless, it still poses a problem for the primary-secondary memory framework in 
positing that longer list lengths of simple span tasks are similar to complex span tasks. In order to 
determine whether this null effect was an artifact of the type of delayed measure used, it was 
pertinent to investigate whether participants would find items from longer list lengths of simple 




Experiment 4 attempted to replicate the results of Experiment 2 with the sub-and supra-
span list lengths of word span described in Experiment 3. Again, I investigated whether certain 
types of characteristics of an item are more phenomenologically memorable to a person as a 
function of shorter versus longer list lengths of word span. Based on the primary-secondary 
memory hypothesis, I expected that temporal-contextual characteristics should be rated as more 
memorable for recognized items of longer list lengths of word span. This result was not expected 
to interact with immediate recall condition, under the assumption that a retrieval attempt is not 
necessary to engage in a secondary memory search during the actual encoding, which is what 
would yield in higher ratings for temporal-contextual characteristics. 
Method 
Participants. Thirty-six participants (six per counterbalance) were recruited from the 
CSU psychology subject pool (enrolled in PSY 100 and PSY 250) to participate in the experiment 
in exchange for partial course credit. All participants were young adults aged 18 to 25 with 
normal or corrected to normal vision, and no one had participated in the previous experiments. 
Materials and Procedure. Experiment 4 was similar to the previous experiments, 
especially to Experiment 3, except that there were three delayed characteristics questionnaires for 
al I of the items of both list lengths 4 and 8 of the word span task. Again, all participants began 
with the practice matching task to familiarize themselves with the task that was to be used during 
the no immediate recall trials during the word span task. 
The word span was similar to Experiment 3, where trials of four and eight TBR items 
were randomly presented, and half of the trials of each list length were followed by either a recall 
attempt or a sequence of five matching task problems, presented for 2000 ms each. The word 
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span task itself was segmented into three different study periods that included four trials of list 
length 4 (two immediate recall and two no immed iate recall trial s) and four trials of list length 8 
(two immediate recall and two no immediate recall trials). After a distracter-filled de lay following 
each study interval, a de layed characteristics questionnaire was given, which included all 48 of 
the items from the preceding span task . The re-presentation of items was fo llowed by a three-
question memory characteristics questionnai re, which was identical to the one given in 
Experiment 2, and inquired about the temporal-contextual , phonolog ical, or semantic 
characteristics remembered on a scale of I to 9 for each individual item. The presentation of the 
questions was random . Figure 17 presents a visual layout of the design of Experiment 4 for both 
li st lengths of the word span task. 
Results 
Word span : Delayed Q.Jestionnaire (1-3) 
How much can you remember about WHERE IT Wl>S ON THE STUDY LIST (e.g ., the word that came 
before or after it, whether it was at the beginning or end of a trial)?: 
How much can you remember about the PHYSICAL CHJIRPCTERISTICS (e. g ., what the word 
sounded like, what the word looked like)? 
How much can you remember about the MEPNING (e.g., the definition of the wo rd , your emotional 
reaction to the word, related words that the word made you thin k of)?: 
Figure 17. Design of word span trials in Experiment 4 . 
The average response times, errors, and number of time outs for the matching task are 
included in Tab le 1. All part icipants were included in the fo llowing analyses . Consistent with 
33 
Experiment 3, results are div ided between rati ngs on both li st lengths as well as the first four 
items of list length 8. 
List Length 4 and List Length 8 Analyses. The ratings for the st imuli were submitted to a 
2 (list length: 4, 8) X 2 (recall condition: immediate recall , no immediate recall ) repeated 
measures ANOVA for each characteristic type. For temporal-contextual characteri stics, 
participants rated previously recalled items as more memorable than those that were not 
su bmitted to an immediate recall attempt, F( l , 35) = 21 .75 , MSE = .24, 17 2 = .38. However, the 
main effect of li st length and the interaction were not significant, Fs < 1. Participants also fo und 
phonological characteristics to be more memorable for immediately recalled items, F( 1, 3 5) = 
10.92, MSE = .09, 17 2 = .24, as well as items from list length 4 as opposed to li st length 8, F(l , 
35) = 4.95, MSE = .12, 17 2 = .12. However, the interaction was not signi ficant, F(l , 35) = 1.39, ns. 
Finally, semantic character ist ics, the effect of immediate recall condition was once aga in 
significant, F( 1, 35) = 25. 73, MSE = .10, 17 2 = .42, but the main effect of list length, F( l , 35) = 
.41, ns, and the interaction, F(l, 35) = 1.74, ns, were not significant. See F igure 18. 
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Figure 18. Average ratings on the delayed characteristics questionnaire across recal I condition 
and cue type for items from list length 4 and list length 8. 
34 
List Length 4 and First Four Items of List Length 8 Analyses. The same A OVAs were 
run but using the first four items of list length 8 in comparison to the list length 4 items. For 
temporal-contextual characteristics, there was once again a main effect ofrecall condition, F(l , 
35) = 14.57, MSE = .32, Yf 2 = .29, yet the main effect of list length and interaction were not 
significant, Fs < I . The main effect of immed iate recall condition was a lso significant when 
comparing ratings on phonological characteri stics, F(l , 35) = 4.99, MSE = .12, Yf 2 = .1 3. 
However, the main effect of li st length, F(l , 35) = 1.67, ns and the interaction, F(l, 35) = 2.50, ns 
were not significant. Finally, the semantic ratings made at delay showed a significant effect of 
immediate recall condition, F(l , 35) = 14.54, MSE = .1 2, Yf 2 = .29, and no significant effect of li st 
length, F < 1. However, there was a margina lly sign ificant interaction between the two variables, 
F(l, 35) = 3.82, MSE = .14, p = .06, Yf 2 = .10. See Figure 19 for these results . 
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Figure 19. Average ratings on the delayed characteristics questionnaire across recall condition 
and cue type of items from list length 4 and the first four items of list length 8. 
Discussion 
The significant results of the experiment showed that people tend to find items that were 
recalled at the immediate test as most memorable for each characteristic type. Th is effect was 
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significant in both analyses comparing list length 4 and list length 8 as well as the comparison 
between list length 4 and the first four items of list length 8. Importantly, the e effects did not 
interact with list length, suggesting that participants did not find items more memorable if they 
were in trials that required displacement into secondary memory. The on ly marginally significant 
difference between list length types was for phonological ratings in the first set of analyses 
comparing list length 4 and list length 8 items, but there were no specific theoretical expectations 
pertaining to this particular finding. Furthermore, this effect was absent in the second analyses 
utilizing only ratings on the first four items of li st length 8. There was a marginally non-
significant interaction between list length and immediate recall condition for semantic ratings, but 
this again was neither expected nor relevant. Hence, no support was found for the expectation that 
participants would find temporal-contextual characteristics more memorable when they concern 
items that they conceivab ly may have displaced and retrieved from secondary memory. This 
finding, however, at least complements the objective delayed cued recal l from Experiment 3, 
wherein no differences were found between list lengths. 
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General Discussion 
The present series of experiments suggests that temporal-contextual processing is 
important for retrieval of items that were initially encoded during a complex span task, but not a 
simple span task, even at longer list lengths of the simple span . This was evident through both 
objective measures of delayed cued recall (Experiment l) as well as the subjective characteristics 
that people report remembering about those items during operation span (Experiment 2). 
Although operation span items were more likely to be successfully cued and more 
phenomenologically memorable across characteristic type, the effect of span task was generally 
larger for temporal-contextual cues and characteristics than any others (17 2 = .39 and 17 2 = .67 for 
Experiments 1 and 2, respectively). Moreover, recall condition did not change performance on 
temporal-contextual cueing for the different span tasks, nor was it important for memorability of 
temporal-contextual characteristics of operation span items, suggesting that a retrieval attempt is 
not responsible for differences in temporal-contextual processing for operation span compared to 
word span, but that the process is more specific to the encoding of those items. 
These measures were emp loyed again in Experiments 3 and 4, respectively, for word 
span of longer list lengths compared to shorter list lengths, in order to determine whether 
temporal-contextual process ing is also important for items that are hypothetically displaced from 
primary memory by more recently presented items. If simple span tasks at longer li st lengths 
encourage the same type of processing as complex span tasks in utilizing temporal-contextual 
processing to retrieve displaced information in secondary memory, then the same benefit of 
temporal-contextual cues shou ld have been found for list length 8 items as it had been found for 
operation span items. There were no differences, however, for objective cued recall or subjective 
memorability ratings, even when comparing the first four items of list length 8 trials against list 
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length 4 items . This general finding has a number of implications for the primary-secondary 
memory hypothesis, temporal distinctiveness models of retrieval , and working memory research 
in general. 
Primary-Secondary Memory Hypothesis 
As stated, there was no evidence in the last two experiments for the idea that simple span 
at longer li st lengths would lead to process ing that was similar to complex span tasks. Although 
there is very clear support of Unsworth and Engle ' s (2006b) idea that the complex span tasks 
require temporal-contextual processing during an encoding phase, this finding was not extended 
to longer list lengths of simple span. 
Support for the primary-secondary memory framework comes from findings that simple 
span performance for list lengths greater than four both load on a different factor than simple span 
at lower list lengths and also predicts a unique amount of variance on higher order cognition, like 
general fluid intelligence (Unsworth & Engle, 2006a). We (McCabe, Loaiza, & Roediger, 2009) 
have replicated this finding in our own lab, and others have identified that secondary memory 
measures are uniquely important for the relationship between working memory capacity and fluid 
intelligence (De Alwis et al ., 2009; Mogle, Lovett, Stawski , & Sliwinski, 2008). The act of 
retrieving information from secondary memory appears to be the reason that tasks tax working 
memory capacity, and cause them to be predictive of other measures. This follows closely with 
Cowan's (1993) hypothesis that the focus of attention can only maintain approximately four 
chunks of information . Hence, s imple span tasks appear s imilar to complex span tasks: the act of 
displacement during longer simple span trials, when new incoming information exceeds four 
items, better predicts other higher cognitive abilities much as complex span tasks do . It appears 
that these longer trials of simple span, too, could tax working memory capacity. The presented 
series of experiments was important for testing this assumption, not by investigating whether 
predictive utility would be s imilar between span task types, but that the actual processes elicited 
by the tasks would also be s imilar. This was evidently not the case. 
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If supra-span list lengths of simple span are both separable from sub-span list lengths and 
can predict a simi lar unique amount of variance in variables like fluid intelligence, then why 
wouldn ' t the processes during these trials and complex span trials be simi lar? Which features 
make the span task types both simi lar enough to predict variance in other variables? Why 
wouldn't that shared feature be the degree of temporal-contextual processing during encoding? 
While the limitations of the current series of experiments only allow for conjecture, there are 
testable answers to these questions that are further informed by literature on this topic . 
Similarities and Differences Between Types of Span Tasks. First, although sub- and supra-
span list lengths of simple span loaded on different factors , a peculiar finding is that the supra-
span list length simple span trials did not load on the same factor as complex span trials 
(Unsworth & Engle, 2006a). Furthermore, a significant proportion of the variance was unique to 
supra-span list lengths and complex span trials, suggesting that while both types of trials are 
significantly predictive of fluid intelligence, there is sti ll a large degree of variance that is not 
shared between them. Hence, these two findings suggest that these factors are still separable both 
in their loadings and the way they predict fluid intelligence, which may be due to the different 
types of processing engaged by the tasks. 
McCabe (2008) also found that the greater degree of covert retrieval processing during 
complex span tasks in the act of switch ing between completing the processing component and 
then searching secondary memory to maintain displaced items during the task serves to boost 
long-term memory performance. A very basic indication of this idea is the cross-over interaction 
between the time at wh ich people are tested on items and the type of span task they completed. 
This interaction was found in Experiment I, but was not replicated in Experiment 3, which 
suggests that covert retrieval processes may not have been engaged in the same way as they are 
for complex span tasks. Ongoing work in our lab has indicated that this covert retrieval process 
may more specifically be identified as attentional refreshing, which may facilitate temporal-
39 
contextual processing w ith the increasing number of opportun ities to refresh TBR items (McCabe 
& Loaiza, 2009) . 
Attentional Refreshing and Evidence for Temporal-Contextual Processing. A number of 
recent studies (e.g., Camos, Lagner, & Barrouillet, 2009; Hudjetz & Oberauer, 2007; Saito & 
Miyake, 2004) have identified that attentional refreshing, or re-activating just-presented 
information, is imperative for performance on working memory tasks and is qualitative ly 
different than the more domain-specific act of articulatory rehearsal. In our own lab, the act of 
attentional refreshing appears to maintain information by facilitating temporal-contextual 
process ing, such that earlier temporal positions of items receive more refreshing opportunities 
than later positions, resu lting in an upward linear trend between refreshing opportunities and 
delayed recall performance. Hence, refreshing and temporal-contextual processing appear to be 
intrinsically tied to one another. 
It is not clear given the present data that the act of refreshing and therefore enhancement 
of temporal-contextual information occurs for supra-span li st length trials of s imple span , which 
may be an important reason for why temporal-contextual cues were unimportant for delayed cued 
performance . Unsworth and Engle (2006b) also found ev idence of temporal-contextual 
processing in complex span g iven findings of increased temporal-contextual errors in complex 
span recall for low spans as opposed to high span indiv iduals. Unsworth and Engle (2008) also 
identified foc us switching to be an important factor in the relationsh ip between working memory 
and general fluid intelligence. Countless studies have a lso investigated recall performance of 
items across serial position g iven different factors of immediate and de layed free reca ll , in 
continuous distracter paradigm s, and ana lyses of different types of errors. 
One important recent study by Unsworth, Heitz and Parks (2009) investigated recall of 
consonant trigrams fo llowing different retenti on interva ls, and specifically manipulated the 
amount of time preceding specific trial s to identify the degree to which temporal di stinctiveness is 
important for recall. The study fou nd that a greater amount oftime in-between trials lead to a 
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rebound in recall performance in comparison with a control condition that showed the typical rate 
of forgetting with increas ing delay before retrieval. Thi s indicates that temporal distinctiveness of 
items from other TBR items fac ilitates retrieval, and genera lly supports G lenberg and Swanson's 
( 1986) proposal that temporally distinct contexts help to constrain searches and avo id temporal 
confusability. 
An implication for the current results suggests that there may have been greater temporal 
confusabili ty of simple span items, regardless li st length, because those trials did not afford the 
same benefit of temporal definition from inter-item process ing e lements that occurred fo r 
complex span items. For example, U nsworth and Engle (2007b) have shown that a greater 
number of transposition errors, or switching the orig inal order of presented items during recal I, 
are made during sim ple span tasks as opposed to complex span tasks. However, a number of 
serial position studies have fo und ev idence of temporal assoc iations within recall of items from 
simple word lists. For example, Kahana and colleagues (e.g., Howard & Kahana, 2002; Kahana, 
Howard, Zarom b, & Wingfield, 2002; Zarom b et al ., 2006) have repeatedly noted a lag recency 
effect in immediate free recall , such that recall of a word from a li st w ill cue words from nearby 
serial positions. Hence, it might not be that there are no temporal associations made in standard 
li st learn ing scenarios, but that temporal-contextual process ing is better fac ilitated at encoding of 
complex span items, and thus more access ible to temporal-contextua l retrieval cues due to 
temporally distinguishing inter-item process ing elements that require people to continually 
refresh informat ion in working memory. 
Limitations 
There were several limi tations which could be addressed in future work. The tempora l-
contextual cues used in the experiments also are susceptible to criticism . Temporal processing is 
sometimes considered dissociable from ordinal process ing, or the order in which items are 
presented (Farre ll & McLaughlin, 2007) . It could be sa id that the tem poral-contextual cues would 
qualify more as ordina l cues, in the sense that I used seria l position information in order to cue 
items in nearby serial positions. A response to this criticism is that temporal distinctiveness still 
appeared to be an important factor in the series of experiments in that the temporal-contextual 
cues used only worked for operation span items, whereas the same cues used for supra-span list 
lengths of word span may not have been as temporally defined. Hence, if the cues used were 
more ordinal in the sense that they were cueing item-based information with serial position 
information, temporal distinctiveness still ended up being a more important factor that was 
accessed. 
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Temporal-contextual cues at other levels of the hierarchy may have been important as 
well, and perhaps could have better elicited any potential temporal-contextual processing that had 
been executed during supra-span list lengths of word span. For example, some data from our lab 
have suggested that people access temporal information more at a trial level than an item-based 
level. Unsworth and Engle (2007a) have also argued that there are different hierarchies of 
temporal-contextual processing, such as at the list context or the word context. This may be a 
worthwhile line of research in specifying at which level of hierarchical temporal-contextual 
processing is important during a complex span task . 
Tulving ' s ( 1983) idea of " retrieval mode" suggested that people must adopt a mental set 
in order to engage in recovering memory traces. This may extend to a plural form , such that there 
can be multiple retrieval modes that are dependent on a type of processing, especially given the 
idea of transfer-appropriate processing/encoding specificity principle. Specifically, when in a 
temporal-contextual " retrieval mode" that is instantiated with a cue at delay, such a mental set 
could be hindered by switching modes, or cues, to other access other types of information, like 
phonological or semantic information . Hence, it may be more pertinent to separate cue types 
between tests rather than presenting them randomly within a test. 
Future Directions 
A number of experiments could be executed to address some of the unresolved issues of 
this study. Given the present series of experiments, we can only conjecture on the potential 
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interactions between complex span and supra-span list lengths of simple span tasks. It would be 
pertinent to include both types of trials within the same experiment to test whether the benefit of 
delayed cued performance persists for complex span items even when comparing more directly to 
supra-span list lengths of simple span . Future studies cou ld also investigate trials where word 
span items are tempora lly isolated with just unfilled delays after each word to determine whether 
temporally isolating those items without event-fi lled delays after each item (as in operat ion span 
or other complex span tasks) wi ll y ield in the same degree of temporal distinctiveness. 
These results shou ld also be replicated w ith other types of complex and simple span tasks 
to verify that temporal-contextual processing is also important for all span tasks that are purported 
to tax working memory. It was clear in Experiments I and 2 that operation span items are more 
accessible and memorable than word span items across cue and characteristic type, which 
suggests that searching secondary memory does not on ly utilize temporal-contextual cues, but 
other cues may also benefit retrieval as wel l. For example, a reading span task may utilize 
semantic cues in addition to temporal-contextual cues in a similar way because depending on 
admin istration of the task, the TBR items may be given extra semantic processing due to their 
nature of being in the sentence serving as a processing component. However, if temporal-
contextual processes are the defining factor of working memory, it should sti ll be evident that all 
complex span tasks share these processes. All other processes that are particular to the task would 
be considered as domain-specific processing. 
The presented findings also have many implications for research of individual differences 
in working memory. Unsworth and Engle (2006b) have already identified that temporal-
contextual processing during complex span tasks is diminished in low span individuals, such that 
they are more likely to make errors that are indicative of temporal confusability. Furthermore, 
individual differences in focus switching also are important for the relationship between working 
memory and fluid intelligence (Unsworth & Engle, 2008) . It can be inferred that low span 
individuals may not constrain their search sets as effectively as high span indiv iduals. This may 
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lead to less effective use of temporal-contextual cues at delay given that temporal associations 
during encoding are weaker in low span individuals . Furthermore, this difference in temporal-
contextual processing may be important for the relat ionship between working memory capacity 
and other higher order cognitive abilities like general fluid intelligence. Hence, diminished ability 
to engage in temporally constrained searches of secondary memory could be added as a possible 
explanation of span differences across individuals, along with other explanations like deficits in 
inhibition of irrelevant information (Lustig, May, & Hasher, 2001) and diminished executive 
attention (Engle & Kane, 2004) . 
Similarly, there are also implications for research investigating declines in working 
memory performance with aging. The ability to refresh information within the focus of attention 
has been identified as important deficiency in older adults in comparison to young adults 
(Johnson, Reeder, Raye, & Mitchell , 2002; Verhaeghen & Hoyer, 2007). Additionally, Kahana et 
al. (2002) fo und that older adults are not able to maintain the temporal associations between 
freely recalled items, evidenced by shallower lag recency curves. In addition, older adults have an 
increased rate of prior list intrusions, showing that they do not have the same temporally defined 
search set that younger adults utilize during recall. Thus, there is evidence that both focus 
switching and temporal-contextual process ing are deficient in older ad ults, and future 
investigations could determine whether these two deficiencies are c losely related to one another. 
Conclusions 
It is clear that complex span tasks elicit temporal-contextual processing during the 
encoding phase of the task, and given transfer appropriate processing, it is important to re-
instantiate those processes in order to access previously studied information at de lay. The 
argument that simple span tasks also encourage temporal-contextual process ing similar to 
complex span tasks was not supported from either objective or subjective indices. It is unclear 
whether temporal-contextual cues and characteristics are more important for complex span tasks 
because of displacement into secondary memory, or if they are important because items studied in 
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complex span tasks are more temporally distinguishable and allow for a greater degree of 
temporal association than simple span trials of any length. Still , the present study is an important 
step in identifying differences between span tasks through experimental manipulation of cues and 
phenomenological characteristics. 
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